Aboriginal people have much higher rates of illness, hospitalization and mortality than do other Australians.
(e.g. infancy, young childhood, older children, adolescence, young and middle-aged adults and 55+ years) and by investigation of hospital admission (discharge) statistics for the whole State, for metropolitan areas, and for non-metropolitan areas separately. Western Australia covers one-third of the Australian continent; it has a total population of 1.7 million (Figure 1 ). The metropolitan area discussed in this paper includes the cities of Perth and Fremantle and their surrounding areas.
METHODS
Information about hospitalization was obtained from the Health Department of WA's Hospital Morbidity Data System (HMDS). This collection contains discharge data for every admission to acute stay hospitals throughout WA. For each episode of hospitalization, the HMDS collects information about the patient including age, sex and race (Aboriginal or non-Aboriginal), and clinical information such as principal diagnosis, comorbidities, complications and length of stay. Aboriginality is ascertained on hospital admission using the definition: 'an Aboriginal or Torres Strait Islander is a person of Aboriginal or Torres Strait Islander descent who identifies as an Aboriginal or Torres Strait Islander and is accepted by the community in which he/she lives'. Diagnosis was coded according to the 9th Edition of the International Classification of Diseases-Clinical Modifications (ICD9-CM). 4 Information was obtained from the HMDS for all hospital discharges for Aboriginals and non-Aboriginals in WA from 1988 through 1993 for which diseases of the respiratory system were the primary cause of hospitalization. Information was analysed to determine the major causes of hospitalization prior to grouping of some clinically-related conditions and re-analysis. Following is a list of the clinical groups and ICD9-CM classifications analysed in this report: respiratory tract cancers including larynx (161, 162.0-162.5); acute respiratory tract infections (ARTI) which included acute bronchitis (466.0), acute bronchiolitis (466.1) and acute tonsillitis (463); other upper respiratory tract conditions which included chronic rhinitis (472.0), chronic tonsillitis (474.0) and allergic rhinitis (477.0-477.9); viral pneumonia (480.0, 480.1, 480.2, 480.8, 480.9); pneumococcal pneumonia (481); specified bacterial pneumonia (482.0, 482.1, 482.2, 482.3, 482.4, 482.9); pneumonia which included bronchopneumonia, organism unspecified (485) and pneumonia, organism unspecified (486); influenza (487.0-487.8); bronchitis which included bronchitis not specified as acute or chronic (490) and chronic bronchitis (491.0-491.2); emphysema (492.0-492.8); asthma which included extrinsic asthma (493.0), intrinsic asthma (493.1) and unspecified asthma (493.9); bronchiectasis (494); chronic airway obstruction (496); pneumoconiosis (500-508.9); empyema (510.0-510.9); pleurisy (511.0-511.9); pneumothorax (512.0-512.8); abscess of lung and mediastinum (513.0-513.1); pulmonary congestion and hypostasis (514); post-inflammatory pulmonary fibrosis (515); other alveolar and parietoalveolar pneumonopathy (516.0-516.9); lung involvement in conditions classified elsewhere (517.1-517.8); pulmonary collapse (518.0); interstitial emphysema (518.1); compensatory emphysema (518.2); pulmonary eosinophilia (518.3); pulmonary oedema (518.4); respiratory failure (518.81); other diseases of respiratory system (519.0-519.9). Of the conditions coded under 'other diseases of the respiratory tract', a minimum of 98% were coded as 'other diseases of the respiratory system, not elsewhere classified' (519.8).
Admissions are expressed as age-specific rates per 100 000 person-years based on the fixed base method using the 1990 population as the midpoint. The 1990 population estimates were developed by the Health Statistics Branch of the Health Department of WA from census and other data. Age-standardized admission rates were calculated by the direct method based on the age distribution of the World Standard Population 5 and are expressed per 100 000 person-years. Relative rates (RR) were calculated using the ratio of the Aboriginal rate to the non-Aboriginal rate in the relevant age and sex category. The following formulae was used to calculate the 95% confidence intervals (CI) for relative rates: CI = RR × exp (± 1.96 SQRT (1/pop a + 1/pop b )). Rates of hospitalization amongst Aboriginal people are likely to be underestimated due to the undernumeration of Aboriginals in both hospital admission data (numerators) and population data (denominators). Table 1 shows age-specific hospital admission rates for respiratory diseases in WA, 1988-1993. Overall, agestandardized rates of hospitalization were 5.6 times higher (95% CI : 5.5-5.7) among Aboriginals compared to non-Aboriginals for diseases of the respiratory system.
RESULTS

Statewide
Hospitalization of Aboriginal infants (birth to 12 months) was at 9.5 times the non-Aboriginal rate (Table 1a) . In both groups, ARTI were the main cause of admission; over 95% of these admissions were for acute bronchiolitis and acute bronchitis. Aboriginal infants were admitted for pneumonia and 'other respiratory tract diseases' at least 25 times more frequently than non-Aboriginal infants. Among Aboriginal infants, a bacterial cause for pneumonia was identified in only 16% of all pneumonia admissions; 62% of these episodes were attributed to pneumoccocal infections and 9% to Staphylococcus. In non-Aboriginal infants, asthma was the second cause of admissions followed by 'other respiratory tract diseases' and pneumonia.
Among 1-4 year olds, Aboriginal patients were admitted for respiratory disorders at almost five times the non-Aboriginal rate (Table 1b) . Asthma was the leading cause of admission in both Aboriginal and nonAboriginal children of this age. Pneumonia was the second discrete cause of admission in Aboriginals after 'other respiratory tract diseases'; Aboriginal young children were admitted 20 times more often for pneumonia than their non-Aboriginal counterparts. In the 11% of Aboriginal admissions for pneumonia in which a bacterial cause was stated, 75% were attibuted to pneumococcal infections.
Aboriginal children aged 5-14 years were admitted at slightly more than double the non-Aboriginal rate (Table 1c) . Asthma was the main cause of admission among these children (35% of Aboriginal admissions; 54% of non-Aboriginal admissions).
Young adult Aboriginal patients aged 15-24 years were hospitalized at almost three times the rate of nonAboriginals (Table 1d) . Pneumonia was the main cause of admissions in Aboriginals and accounted for 32% of their admissions. Non-Aboriginal admission rates for pneumonia were relatively low, accounting for only 4% of admissions. The RR of admission for pneumonia in Aboriginals compared to non-Aboriginals was very high (RR Ͼ 20). Asthma was the second leading cause of admission in young adult Aboriginals and accounted for 19% of admissions.
At 25-39 years, Aboriginals were hospitalized almost 10 times as often as non-Aboriginals (Table 1e) . Pneumonia was the main cause of Aboriginal admissions (35% of admissions) followed by asthma which accounted for 24% of Aboriginal admissions.
The overall admission rate among Aboriginals aged 40-54 years was 16 times that of non-Aboriginals (Table 1f ). Pneumonia was the major cause of Aboriginal admissions (30%) at this age followed by asthma which accounted for 26% of admissions. Asthma was the main cause of admission (36% of cases) in nonAboriginal patients.
The overall admission rates for respiratory disease for Aboriginals aged 55+ years was approximately six times the rates for non-Aboriginals (Table 1g ) and they were 10 times more likely to be admitted for pneumonia than non-Aboriginals of the same age. The next major causes of Aboriginal admissions were asthma (15%), chronic airway obstruction (14%) and bronchitis (8%). Chronic airway obstruction was the leading cause of respiratory admissions among non-Aboriginal patients.
Metropolitan and non-Metropolitan
Figures 2a and 2b show rates of hospital admissions for respiratory diseases in WA and in metropolitan and non-metropolitan areas for Aboriginal and nonAboriginal people, respectively. Hospital admission rates for Aboriginal people are considerably higher than their non-Aboriginal counterparts for the whole State and in both metropolitan and non-metropolitan regions.
In the metropolitan area, acute respiratory tract infections were ranked first and asthma second as causes of admissions for both Aboriginal and non-Aboriginal infants. In all other age groups, from young children (1-4 years) to older adults (55+ years), asthma was the leading cause of admission among metropolitan Aboriginal people. Pneumonia was generally the next major cause of admission for these Aboriginal people except in the 55+ age group where chronic airway obstruction accounted for 24% of admissions. Similarly, in metropolitan non-Aboriginals (excluding infants), asthma was generally the leading cause of admission except in the 15-24 year olds where other upper respiratory tract conditions accounted for almost half of the admissions and in the 55+ year age group where chronic airway obstruction accounted for 22% of admissions. In metropolitan non-Aboriginals, pneumonia was ranked as the second major cause of admission only in the 40-54 year olds.
Patterns of respiratory tract diseases in the nonmetropolitan regions generally reflect the Statewide trends. In non-metropolitan Aboriginal and nonAboriginal infants, ARTI was the major cause of admission followed by 'other respiratory tract diseases'. Pneumonia was the leading specified cause of admission to hospital in non-metropolitan Aboriginals except in 5-14 year olds in which asthma was the primary cause. Bronchitis, pleurisy and pulmonary congestion and hypostasis were mostly diagnosed in non-metropolitan rather than metropolitan Aboriginals. In non-Aboriginals from non-metropolitan areas, asthma was the major cause of admission except in the 55+ year age group where it was second to chronic airway obstruction.
Asthma and Pneumonia
Overall, age-standardized rates of admission were 17.9 times higher (95% CI : 17.3-18.6) for pneumonia and ᭹ Statewide, ٗ metropolitan, ᭝ non-metropolitan 3.1 times higher for asthma (95% CI : 3.0-3.2) among Aboriginal people than non-Aboriginal people. Amongst Aboriginal people in WA, rates of admission for pneumonia exceeded rates of admission for asthma in all age groups except 5-14 year olds ( Table 1) . Rates of admission for asthma exceeded those for pneumonia at all ages among non-Aboriginals (Table 1) . Tables 2 and 3 show age-specific rates and relative rates comparing Aboriginals with non-Aboriginals in metropolitan and non-metropolitan areas for asthma and pneumonia, respectively.
Rates for asthma admissions peak in 1-4 year olds in Aboriginal and non-Aboriginal people and in metropolitan and non-metropolitan areas. Admission rates for asthma were consistently higher in Aboriginals compared to non-Aboriginals and in non-metropolitan compared to metropolitan areas.
Amongst Aboriginal people, admission rates for pneumonia were highest in infants, 1-4 year olds and older people aged 55+ in metropolitan and non-metropolitan areas. In non-Aboriginals, admission rates for pneumonia were highest in the 55+ year age group in the metropolitan area and in infants and 55+ year olds in the non-metropolitan area. Admission rates for pneumonia were substantially and consistently higher in Aboriginal compared to non-Aboriginal patients at all ages in both the metropolitan and non-metropolitan areas. Statewide, acute respiratory tract infections, particularly acute bronchiolitis and bronchitis, pneumonia and asthma were the major discrete disorders identified as primary causes for admissions among Aboriginal infants. Pneumonia was a more frequent cause of admission in Aboriginal infants than asthma. Statewide, asthma and pneumonia were the major causes for hospitalization among Aboriginal children. Among young children aged 1-4 years, asthma was the prime cause of admissions in both Aboriginals and non-Aboriginals, although Aboriginal children were admitted at twice the non-Aboriginal rate. Asthma and pneumonia were the main causes of admissions in Aboriginal children aged 5-14 years, and, collectively, were responsible for more than 50% of admissions in both Aboriginal and nonAboriginal children of this age. The admission rate in 5-14 year old Aboriginals was more than double the non-Aboriginal rate. Admission rates for pneumonia among Aboriginal children aged 5-14 years were lower than in younger Aboriginals but were still much higher than among non-Aboriginal patients. These observations confirm the importance of respiratory tract infections as a major cause of morbidity in Aboriginal infants and young children [6] [7] [8] [9] [10] and extend them by showing the relative importance of acute respiratory tract infections such as bronchitis, bronchiolitis and tonsillitis; pneumonia; asthma; and other respiratory disorders among Aboriginal patients compared with non-Aboriginal patients.
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Although a bacterial cause was specified in only 16% of admissions of Aboriginal infants hospitalized for pneumonia, 62% of those episodes were attributed to pneumococcal infections and 9% to Staphylococcus. After asthma, pneumonia was the next major cause of admissions in 1-4 year old Aboriginals and occurred at 20 times the non-Aboriginal rate; in the 11% of Aboriginal admissions for pneumonia in which a bacterial cause was stated, 75% were attributed to pneumococcal infections. Streptococcus pneumoniae and Haemophilus influenzae are predominant causes of infections including severe pneumonia in Aboriginal children. 11, 12 A winter outbreak of serotype 1 Streptococcus pneumoniae infection in central Australia involved adults and 13 children with lower respiratory tract infection all of whom had upper airway colonization by Type 1 pneumococci. 13 Nasopharyngeal secretions from 171 Aboriginal children hospitalized with acute lower respiratory tract infections, when cultured selectively for S. pneumoniae and H. influenzae, yielded S. pneumoniae in 79.5% and H. influenza in 88.3% of cases; in all, there were 27 types or groups of pneumococci detected.
14 The overwhelming importance of infections among admissions of Aboriginal infants and children for respiratory disorders is probably due to inadequate housing, overcrowding, poor access to health care, and inadequate nutrition and impaired immune function. 8, 15 These findings, therefore, have significant public health implications for Aboriginal health advancement programmes.
In general, rates of admission for asthma and pneumonia were higher in non-metropolitan than metropolitan areas. However, in the metropolitan area, asthma was a much more frequent cause of Aboriginal admissions than pneumonia from early childhood to adolescence and in older patients. In non-metropolitan areas, pneumonia and asthma were both frequent causes of admission but pneumonia was a more common cause in all age groups except 5-14 year olds. In non-Aboriginal patients, asthma was a much more frequent cause of admission than pneumonia in both metropolitan and non-metropolitan areas.
The prominence of asthma among Aboriginal hospital admissions in this study deserves comment. This does not appear to have been widely recognized previously although some reports of hospitalization of Aboriginal infants and young children might have included patients with asthma but who were not identified as such. 7, 9, 10, 16 In 1979, Torzillo et al. examined 635 infants and children up to 14 years of age in the Pilbara region of north-west Australia. 17 Among the 0-4 year olds, 22% had abnormal auscultation and 25% had lower respiratory tract abnormalities; 10% of the 10-14 year olds had abnormal auscultation and 16% had lower respiratory tract abnormalities which, by their definition, meant 'the presence of a loose cough and/or the presence of abnormal auscultatory findings at two or more of the four sites of auscultation'. A proportion of these findings may have been due to or associated with asthma. In a 12-month experience with more than 500 children admitted to a regional rural hospital in north-west Australia in 1984, there were 30 admissions for asthma among 481 admissions of Aboriginal patients; 6 14 of those admissions were in the first two years of life.
Asthma is now an important and apparently increasingly frequent problem in certain ethnic groups. In New Zealand, the prevalence of reported asthma or wheeze in a rural, largely Maori population significantly increased from 26% in 1975 to 34% in 1989. 18 In Kuala Lumpur, Malaysia, the prevalence of asthma, defined as persistent wheeze or doctor-diagnosed asthma, in 7-12 year old schoolchildren was 13.8%; Malay children were most frequently affected and boys significantly more often than girls. 19 In Fiji, hospital admission rates for asthma in 5-14 year olds were three times higher in Indians than in Melanesians who, conversely, had admission rates for pneumonia that were three times higher than among Fijian Indians. 20 This higher infectious burden amongst the Melanesian population was linked to overcrowding while the relatively greater importance of asthma in the Indian population was speculatively associated with genetic and environmental factors. In the US, asthma-related hospitalizations increased on average by 2.6% annually between 1979 and 1989 among American Indian and Alaskan Native children aged 0-17 years, although there was little change in hospitalization rates for lower respiratory tract diseases. 21 The importance of hospital admissions for pneumonia amongst Aboriginal people in all parts of WA and in virtually all age groups was an outstanding feature of this investigation and has particular relevance to disease prevention. A retrospective, discharge-diagnosis investigation such as this can be expected to provide only limited information about the underlying conditions and their causes on a population basis. Despite this, the documented importance of pneumococcal pneumonia in infants and young children, where adequate microbiological information was provided, has already received comment from others; this seems to be reinforced by our present observations. Pneumococcal disease is very common in other indigenous groups such as the White Mountain Apache population 22 and in Alaskan Native groups; 23 it has also been reported as a serious and potentially fatal problem in Aboriginals in central Australia who have the highest rates of invasive pneumococcal disease published. 12 Alcohol abuse is considered to be a predisposing risk factor for this disease and chronic petrol sniffing may predispose to pneumococcal infection, possibly by increasing the likelihood of aspiration of upper airway secretions that are contaminated by high rates of pneumococcal carriage in the nasopharynx. 24 The high rates of pneumonia, such as that caused by pneumococci, are probably explained by several interrelated factors which contribute to a high infectious pool in the living environments of many Aboriginal families. These include crowding, lack of washing facilities, and person-toperson swapping of secretions among mobile young children with discharging noses and ears. Pneumococci have been isolated from mothers' hands in Papua New Guinea, 25 supporting the likelihood that person-to person transfer of secretions may be involved, as well as droplet or aerosol transmission, during the infective process.
In older patients (у40 years), chronic airways obstruction and respiratory tract carcinoma were important causes of Aboriginal admissions with very high RR except for carcinoma in 55+ year olds. Tobacco smoking is probably an important contributing factor to these findings. All tobacco-related causes of death and those deaths due to lung cancer and chronic bronchitis occur at much higher rates in WA among Aboriginals than among non-Aboriginals; 26 almost half of those tobaccorelated deaths occur before 55 years of age in contrast to about 10-11% of such deaths occurring by this age in non-Aboriginals. Bronchiectasis was another important cause of admissions in these two age groups and in patients aged 25-39 years in the present study. Although the absolute numbers of admissions for bronchiectasis were small, RR of admission were about 4-9 times higher among Aboriginals. This high rate of admission for bronchectasis may be due to previous pulmonary damage, e.g. by episodes of pneumonia. Lower birthweight and a history of bronchitis or pneumonia in infancy have been associated with impaired respiratory function, poor weight gain during infancy and mortality in adult life from chronic obstructive airway disease. 27 Lower birthweight and impaired growth during infancy are prevalent in Australian Aboriginals 8, 28 and these may be contributing factors to their patterns of respiratory disease in adult life.
In conclusion, admission rates for respiratory conditions were consistently higher in the Aboriginal population and in non-metropolitan areas. There are many complicated issues such as appropriateness and equity of access and care which may result in differing admission practices for Aboriginal and non-Aboriginal people. In addition, the population distribution in WA and the limited access of patients to clinical care and follow-up in very remote and isolated rural areas may also result in differing admission practices in nonmetropolitan and metropolitan areas. The overwhelming importance of respiratory infections among Aboriginal admissions is probably a consequence of inadequate housing, overcrowding, poor access to health care and inadequate nutrition and impaired immune function. Furthermore, tobacco smoking and the effects of recurrent infections are probably important contributing factors to morbidity in older Aboriginal people.
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